REMARKS 

Claims 5-8 are pending in the application. 

§103 

Claim 5 was rejected under 35 U. S . C . §103 (a) as being 
unpatentable over Great Britain Patent No. 1,304,572. 

Claims 6-8 were rejected under 35 U.S.C. §103 (a) as being 
unpatentable over Great Britain Patent NO. 1,304,572 in view of 
U.S. Patent No. 5,666,841 to Seeger et al . 

These rejections are respectfully traversed. 

PATENTABILITY 

Claim 5 

Reason For Rejection 

The Office Action points out that GB'572 contains 0.1-2 mass % 
copper. The Office Action maintains no significant change occurs 
with copper content at 0.1. mass %. The Office Action maintains 
if properties are same, even if composition does not overlap, claim 
5 is obvious to person skilled in the art. 

GB '572 is an abbreviation for Great Britain Patent NO. 1,3 04,572. 
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Patentability of Claim R 

Claims 5 requires that the titanium of the present invention 
contains substantially no copper . 

Applicants maintain that the properties of titanium change 
by the addition of 0.1 to 2 mass % copper as required by GB A 572. 
Attached hereto are four publications, Publication 1, Publication 
2, Publication 3 and Publication 4 which support the applicants 
position that the 0 . 1 to 2 mass 7% of copper of GB *572 changes the 
properties of titanium. Partial English translations of the 
identified portion of the Japanese publications, Publication 2, 
Publication 3 and Publication 4 are also attached hereto. 

Publication 1 (Materials Properties Handbook, Titanium Alloy, 
issued by ASM, p. 165-171) specifies that the content of other 
elements (OE) in the ordinary constituent range of titanium is 0.1 
mass % maximum. Therefore, it is readily apparent that any element 
at 0.1 max % or more causes property changes in titanium. 

Publication 2 (Japanese Provisional Patent Publication No . S63- 
2 7044 9, Method for Manufacturing Titanium Sheet with Small 
Anisotropy and a Good Ductility) describes at p. 280, 281 and 282 
(underlined) the addition of trace copper precipitates Ti 2 Cu. It 
is also described that the lowest copper concentration required to 
cause precipation of Ti 2 Cu is 0.1 mass %. If copper concentration 
exceeds 0. 8%, strength increase and ductility deterioration will 
result (p. 282) . It is further described that fine and dispersed 
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precipitation curbs the formation of twin crystals (p. 280) . Thus, 
Publication 2 shows that addition of 0.1 mass % or more copper 
results in precipitation of Ti 2 Cu and changes in property and 
deformation mode (twinning deformation) . 

Publications 3 and 4 (Japanese Provisional Patent Publications Nos. 
S62-192550 and S62-192551) describe effects of trace addition of 
copper on titanium alloys. Publications 3 (p. 259, underlined) and 
4 (p. 2 63, underlined) describe that addition of 0 . 1 mass % or more 
copper increases strength and hardness after cold working. 

As evident from the above, addition of 0.1 mass % copper to 
titanium markedly changes properties. Therefore,* titaniums 
according to GB % 572 and the present invention have different 
properties because they have different quality characteristics and 
deformation modes. As properties and deformation have relations, 
the titaniums according to GB'572 and the present invention, of 
course , have different impact resistences . 

It is therefore submitted that independent claim 5 is patentable 
over Great Britain Patent No. 1,304,572. 

If independent claim 5 is patentable, dependant claims 6-8 are also 
patentable . 
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Claim 6 

Reason For Rejection 

Rejected based on GB' 572 and US 7 841. GB'572 (Col. 4, Lines 5-34) 
presents the same argument against claim 6 (that addition of 0 . 1 
mass % copper does not produce significant change in property) . 
However, GB' 572 makes no reference to work hardening and 
preworking. USP' 841 describes finish rolling applied after work 
hardening. That is, work hardening is caused to take place before 
finish rolling. Therefore, work hardening prior to finish rolling 
in titanium according to GB'572 (containing 0.1-2 mass % copper) 
is obvious . 

US l 841 is an abbreviation for U.S. Patent No. 5,666,841 to Seeger 
et al. 

Patentability of Claim G 

An evident from the above, the compositions of titaniums according 
to GB *572 and the present invention are different enough to cause 
property changes. 

The method according to US *841 controls the degree of work 
hardening by applying finish working and preceding preworking. 
However, the parts (ranges) in which work hardening takes place are 
different as will be described later. US x 841 relates to the 
technology of a rolling method for work hardening the notched part 
of turbine blades etc. The method of US x 841 applies finish 
rolling with rolls of large curvature after applying multi-pass 
rolling in the same direction with rolls of small curvature. This 
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method work hardens directly below the notched part, not the 
entirety of the product. By contrast, the method of the present 
invention work hardens the entirety of the product, as is apparent 
from the description in paragraph [0023] of the specification in 
which hardness is measured at 1/2 and 1/4 of thickness. The method 
of US x 841 cannot work harden the whole of the product. 
As described in Column 1, Lines 33-67 of US *841, work hardening 
(by rolling) is a popular technology for metals with limitless 
number of levels and methods. Therefore, defining the level and 
method of work hardening according to the kind or shape of metal 
to improve the desired property is considered to have adequate 
patentability. This is why the present invention specifies the 
range of composition (S = [0] + [N] + [C] and Fe)and specifies the 
hardness HV* after work hardening with the specified composition 
range . 

It is therefore submitted that dependent claim 6 is further 
patentable . 

Claim 7 

Reason For Rejection 

The Office Action rejected claim 7 based on US *841 (Column 3, 
Lines l-22in which there is multi-pass rolling in directions at 
right angles. Therefore, the Office Action maintains that the 
application of multi-pass rolling to titanium according to GB x 572 
is obvious. 
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Patent ability of Claim 7 

As evident from the above, the compositions of titaniums according 
to GB *572 and the present invention are different enough to cause 
property changes . 



The method according to US *841 applies multi-pass rolling by 
passing rolls of small curvature in the same direction in the notch 
of turbine blades etc. with overlaps. US. *842 makes no reference 
to rolling in directions at right angles. That is, the method of 
US *842 turns the direction of internal compressive stress by 90 
degrees by application of multi-pass rolling. 

It is therefore submitted that dependent claim 7 is further 
patentable . 



Claim 8 

Reason for Rejection 

The Office Action maintains that GB *572 discloses use in the 
annealed condition. 
Patentability of Claim ft 

As evident from the above, the compositions of titaniums according 
to GB *572 and the present invention are different enough to cause 
property changes . 
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Titanium according to the present invention is ultimately work 
hardened by shaping or other method. Claim 8 of the present 
invention specifies application of annealing before and/or during 
the final shaping. It is by no means analogous to the ultimate 
annealing applied in the method of GB '572. 

It is therefore submitted that dependent claim 8 is further 

patentable . 

Summary 

It is submitted that independent claim 5, and claims 6-8 dependent 
thereon, are patentable over Great Britain Patent No. 1,304,572 and 
U.S. Patent No. 5,666,841 Seeger et al . standing alone or in 
combination . 
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CONCLUSION 

It is submitted that in view of the foregoing remarks, the 
application is now in condition for allowance. It is therefore 
respectfully requested that the application, as amended, be allowed and 
passed for issue 



KENYON & KENYON 
One Broadway 
New York, New York 10 004 
(212) 425-7200 

634197 



Respectfully submitted, 



KENYON Sc KENYON 



By: 




J6hn J. Kelly, < 
Reg. No. 29, 182 
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Commercially Pure and Modified Ti / 165 



| Commercially Pure and Modified Titanium 



Commercially pure titanium has been available as 
null products since 1950 and is used for applications 
that require moderate strength combined with good 
formabiHty and corrosion resistance. Production 
was developed largely because of aerospace de- 
mands for a material lighter than steel and more 
heat resistant than aluminum alloys. However, 
commercially pure titanium is very useful when 
high corrosion resistance and good weldability are 
desired. 

Commercially pure titanium is available in 
several grades, which have varying amounts of im- 
purities such as carbon, hydrogen, iron, nitrogen, 
and oxygen. Some modified grades also contain 
small palladium additions (Ti-0.2 Pd) and nickel- 
molybdenum additions (Ti-0.3Mo-0.8Ni). These 
alloy additions allow improvements in corrosion 
resistance and/or strength. 

Commercial purity titanium generally has 
more than 1000 ppm oxygen and iron, nitrogen, 



carbon, and silicon as principal impurities. Be- 
cause small amounts of interstitial impurities 
greatly affect the mechanical properties of pure ti- 
tanium, it is not convenient to distinguish between 
the various grades of unalloyed titanium on the ba- 
sis of chemical analysis. Titanium mill products 
are more readily distinguished by mechanical 
properties. For example, the four ASTM grades of 
unalloyed titanium are grouped as follows: 



ASTM grade 


Minimum 
tensile strength 
M±*a ksi 


0.2% 
yield strength 
MPa ksi 


Grade! 
Grade 2 
Grade 3 
Grade 4 


240 
345 
440 
550 


35 
50 
64 
80 


170-310 25^5 
275^50 40-65 
380-550 55-80 
480-655 70-95 



Density. 4.51 g/cm 3 (0.16 3 lb/in. 3 ) 



Unalloyed Ti Grade I, R50250 



Chemistry 



Product Forms 
and Condition 



Unalloyed titanium is available as four differ- 
ent ASTM grades, which are classified by their lev- 
els of impurities (primarily oxygen) and the resul- 
tant effect on strength and ductility. ASTM Grade 
1 has the highest purity, lowest strength, and best 
room-temperature ductility and formabiHty of the 
four ASTM unalloyed titanium grades. 

ASTM titanium Grade 1 should be used where 
maximum formabiHty is required and where low 



ASTM Grade 1 titanium has impurity limits of 
0.18 O 0.20 Fe, 0.03 N, and 0.10 C wt.% max. 
Equivalent compositions from other specifications 
are best determined by mechanical properties be- 
cause small variations in interstitial contents may 
raise yield strengths above maximum permitted 



Unalloyed titanium Grade 1 is available in all 
wrought forms and has the best formabiHty of the 
four ASTM grades. Like the other unalloyed tita- 
nium grades, Grade 1 can be satisfactorily welded 
machined, cold worked, hot worked, and cast. 



iron and interstitial contents might enhance corro- 
sion resistance. It exhibits exceUent corrosion re- 
sistance in highly oxidizing to mildly reducing en- 
vironments, including chlorides. Grade 1 can be 
used in continuous service up to 425 °C (800 °F) 
and in intermittent service up to 540 °C (1000 °F) 
In addition, Grade 1 has good impact properties at 
low temperatures. 



values or lower ductiHty below ininimum specifica- 
tions. 

Hydrogen content as low as 30 to 40 ppm can 
induce severe hydrogen embrittlement in commer- 
ciaUy pure titanium (see the section "Hydrogen 
Damage" in this datasheet). 



Unalloyed titanium typically has an annealed 
alpha structure in wrought, cast, and P/M forms. 
The yield strength of Grade 1 is comparable to that 
of fully annealed 304 stainless steel 



Applications laical uses for Grade 1 titanium include 

chemical, marine, and similar appHcations, heat 
exchangers, components for chemical processing 
and desalination equipment, condenser tubing 
pickling baskets and anodes of various types. In 
the chemical and engineering industries, Grade 1 



is an ideal material for a wide variety of chemical 
reactor vessels because of its resistance to attack 
by seawater, moist chlorine, moist metalHc chlo- 
rides chlorite and hypochlorite solutions, nitric 
and chromic acids. It lacks resistance to biofouling 
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Unalloyed titanium grade 1 and equivalents: Specifications and compositions 



Specific ation 

UNS 
UNS 
UNS 
UNS 

China 
GB3620 

Europe 



Designation 



Description 



R50100 
R50120 
R50125 
R50250 



TA-1 



AECMA prEN2525 P01 
AECMAprEN3441 P01 
AECMA prEN3487 P01 



France 

AIR 9182 

Germany 

DIN 17850 
DIN 17850 
DIN 17860 
DIN 17862 
DIN 17863 
DIN 17864 

Japan 

JlSOassl 
JISH4600 
JISH4600 
JISH4630 
JISH4630 
JISH4631 
JISH4631 
JISH4650 
JISH4670 

Russia 



OST 1.90013-71 


VT1-00 


UK 




BS 2TA.1 


2TA.1 


DTD 5013 




USA 




AMS4951E 


AMS4951 


ASMESB-265 


Ti Grade 1 


ASME SB-381 


F-l 


ASTM B265-79 


Ti Grade 1 


ASTMB337-87 


Ti Grade 1 


ASTMB338-87 


Ti Grade 1 


ASTMB348-87 


Ti Grade 1 


ASTM B38 1-87 


F-l 


ASTMF467-84a 


Ti Grade 1 


ASTM F467M-84b 


Ti Grade 1 


ASTMF468-84a 


Ti Grade 1 


ASTM F468M-84b 


Ti Grade 1 


ASTMF67-88 


Ti Grade 1 


AWSA5.16-70 


ERTi-1 


AWSA5. 16-70 


ERTi-2 


AWSA5.16-70 


ERTi-3 


MILT-81556A 


CP-4 


MILT-81915A 




MTLT9046J 


CP-4 



Fe 

0.03 max 0.1 max 
0.05 0.2 
0.05 0.2 
0.1 02 



0.05 



0.15 



Sh Strp 

ShStrp Ann HR 
Sh Sap Ann CR 



0.08 
0.08 
0.08 



0.2 
0.2 
0.2 



T-35 



3.7025 

Til 

3.7025 

3.7025 

3.7025 

3.7025 



Ti Class 1 
TP28H/C Class 1 
TR28H/C Class 1 
TTP28D/E Class 1 
TTP28 W/WD Class 1 
TTH28D Class 1 
TTH28W/WD Class 1 
TB28C/H Class 1 
TW28 Class 1 



Weld el 
Weld el 



All farms 



SbStrp 



Fit Sh Strp Rod Wir Fig Ann 

Sh Strp Pit Rod Wir Frg Ann 

ShStrp 

Rod 

Wire 

Frg 



HRCRSh 

HRCRStrp 

Smlspipe 

As -weld/weld & drawn pipe 
Smls tube for heat excb 
Weld tube for heat excb 
HWCDBar 
Wire 



Sh Pit Strp Foil Rod Frg Ann 



Sh StrpHT 
BarBil 



Fill met gas-met W arc weld 
_ a Strp Pit Ann 



Frg Ann_ 



Sh Strp Pit Ann 

Weld smls pipe Ann 

Smls weld tube Excb. Conds Ann 

BarBil Ann 

Frg Ann 

Nut 

Metric Nut 
Bolt Screw Stud 
Metric Bolt Screw Stud 
Surg imp HW CW Frg Ann 
Weld fill met 
Weld fill met 
Weld fill met 
Ext Bar Snap Ann 
Invest Cast 
ShStrp Pit Ann 



0.08 
0.1 



0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.03 

0.05 

0.05 

0.08 

0.08 

0.08 



0.2 
0.2 
0.2 



0.005 max 
0.008 
0.008 
0.015 



0.015 



0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 



0.0125 
0.0125 
0.0125 



0.08 


0.12 


0.01 


0.08 


0.2 


0.013 


0.08 


0.2 


0.013 


0.08 


0.2 


0.013 


0.08 


0.2 


0.013 


0.08 


0.2 


0.013 


0.08 


0.2 


0.013 




0.2 


0.015 




0.2 


0.013 




0.2 


0.013 




0.2 


0.015 




0.2 


0.015 




0.2 


0.015 




0.2 


0.015 




0.2 


0.015 




0.2 


0.015 


0.12 


0.006 


0.04 


0.03 


0.008 


0.04 


0.1 


0.3 


0.015 


0.03 


0.01 


0.04 


0.05 


0.3 


0.01 


0.05 


0.3 


0.01 


0.05 


0.2 


0.008 




0.2 


0.01 




0.2 


0.013 



0.005 
0.015 



0.015 



0.015 
0.015 
0.015 
0.01-0.0125 
0.015 
0.0125 
0.0125 

0.0125 

0.0125 
0.0125-0.015 

0.005 

0.008 

0.008 

0.015 

0.015 

0.015 



N 

0.012 d 
0.02 
0.02 
0.03 



U)E/ OT 



0.05 
0.03 



0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.05 

0.05 

0.05 

0.05 

0.03 

0.012 

0.02 

0.02 

0.05 

0.05 

0.05 



0.1 max 
0.1 
0.1-0.15 
0.18 



balTi 
balTi 
balTi 
balTi 



0.03 


0.15 


0.1 




balTi 


0.05 


0.2 


0.1 


0.6 


ban!] 


0.05 


0.2 


0.1 


0.6 


balTi 


0.05 


0.2 


0.1 


0.6 


balTi 


0.05 




0.04 




balTi 



0.05 


0.1 




0.05 


0.1 




0.05 


0.1 




0.05 


0.1 




0.05 


0.1 




0.05 


0.1 




0.05 


0.15 




0.05 


0.15 




0.05 


0.15 




0.05 


0.15 




0.05 


0.15 




0.05 


0.15 




0.05 


0.15 




0.05 


0.15 




0.05 


0.15 




0.12 


0.1 




0.15 






0.04 


0.15 


0.15 


0.15 


0.15 




0.04 


0.15 


0.15 


0.04 


0.15 


0.15 


0.04 


0.1 


0.08 



0.1 



balTi 
balTi 
balTi 
balTi 
balTi 
balTi 



balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 



balTi 
balTi 
balTi 
balTi 
balTi 
balTi 



Ti 99.78 min; 
balTi 



0.18 




0.6 


balTi 


0.18 


0.1 


0.4 


balTi 


0.18 


0,1 


0,4. 


balTi 


0.18 




0.4 


balTi 


0.18 




0.4 


balTi 


0.18 




0.4 


balTi 


0.18 




0.4 


balTi 


0.18 




0.4 


balTi 


0.18 






balTi 


0.18 






balTi 


0.18 






balTi 


0.18 






balTi 


0.18 






balTi 


0.1 






balTi 


0.1 






balTi 


0.1-0.15 






balTi 


0.15 




0.3 


balTi 


0.2 




0.6 


balTi 


0.15 




0.3 


balTi 



Unalloyed titanium grad 1 comp sitions: Producer specifications 
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Specification Designation 



Description 



Fe 



N 



Si OE OT Other 



Germany 

Deutsche T 
Fuchs 



Contimet 30 
T2 



Sh Sop Pit Bar Wir Frg Pip 
Frg 



0.06 



0.15 



0.13 



0.05 



0.12 



balTi 



Japan 

Daido 
Kobe 
Kobe 
Kobe 
Kobe 
Kobe 
Sumitomo 



DTI 

KS40 

KS40LF 

KS40S 

KS50 

KS50LF 

ST-40 



Rod Bar Sh Strp Frg Ann 

Sh Strp Tu Pit Wir Bar Pip Ann 

Low Fe grade 

Ann 

Ann 

Low Fe grade 



0.1 



0.2 

0.1 

0.05 

0.1 

0.15 

0.05 



0.0125 

0.01 

0.01 

0.01 

0.01 

0.01 



0.03 
0.03 
0.03 
0.03 
0.03 
0.03 



0.18 

0.1 

0.1 

0.08 

0.15 

0.15 



balTi 
balTi 
balTi 
balTi 
balTi 
balTi 



UK 

Imp. Metal 
Imp. Metal 

USA 

Chase Ext 
OREMET 
RMI 

TeLRodney 

TIMET 

TMCA 



IMI110 
IMI115 



CDXGR-1 
Ti-1 
RMI 25 
A35 

TIMETAL35A 
Ti-1 



Rod 

All forms 



Cheniical/marine/aiiframe apps 



0.1 



0.08 
0.1 max 



0.2 



0.2 
0.02 max 



0.013 



0.015 
0. 15 max 



0.03 



0.03 
0.03 max 



0.15 



0.18 
0.18 max 



Ti99.8 
balTi 



balTi 
balTi 



Unalloyed Ti Grade 2, R50400 



Grade 2 titanium is the "workhorse" for industrial 
applications, having a guaranteed rrunimum yield 
strength of 275 MPa (40 ksi) and good ductility and 
formability. The yield strength of Grade 2 is compa- 
rable to those of annealed austenitic stainless steels, 
and it is used where excellent formability is required 
and where low interstitial contents might enhance 



corrosion resistance. 

Grade 2 also has good impact properties at low 
temperatures and excellent resistance to erosion 
and to corrosion by seawater and marine atmos- 
pheres. Grade 2 can be used in continuous service 
up to 425 °C (800 °F) and in intermittent service up 
to 540 °C(1000 °F). 



ASTM Grade 2 titanium has the same nitrogen 
content limits as ASTM Grade 1 (0.03% max), the 
same iron content limits as ASTM Grade 3 (0.30% 
max), and a maximum oxygen concentration of 
0.25% that is approximately midway between the 
0.18 to 0.40% range in the other three ASTM unal- 
loyed titanium grades. 

Effect of Impurities. The increased iron and 
oxygen concentrations of ASTM Grade 2 compared 
to ASTM Grade 1 impart additional tensile 



strength (345 vs 240 MPa, or 50 vs 35 ksi) and yield 
strength (275 vs 170 MPa, or 40 vs 25 ksi) to Grade 
2 but at the expense of ductility (20% elongation 
for Grade 2 vs 24% elongation for Grade 1). Higher 
iron and interstitial contents also may degrade 
corrosion resistance relative to Grade 1. 

Hydrogen content as low as 30 to 40 ppm can 
induce hydrogen embrittlement in CP titanium 
(see the section "Hydrogen Damage" in this 
datasheet). 



Product Forms Titanium Grade 2 is available in all wrought welded, machined, cast, and cold worked. 

and Condition product forms. In cast form, ASTM Grade 2 consti- Titanium Grade 2 typically has an annealed al- 

tutes about 5% of cast titanium products. Like pha structure in wrought, cast, and P/M forms. It 

other unalloyed titanium grades, Grade 2 can be . is not heat treatable. 



Typical uses for titanium Grade 2 include 
chemical, marine, and similar applications, air- 
frame skin and nonstructural components, heat 
exchangers, cryogenic vessels, components for 
chemical processing and desalination equipment, 
condenser tubing, pickling baskets, anodes, shaft- 
ing, pumps, vessels, and piping systems. Grade 2 



offers high ductility for fabrication and moderate 
strength in service. 

Aircraft applications include exhaust-pipe 
shrouds, fireproof bulkheads, gas-turbine bypass 
ducts, hot-air ducts, engine cowlings, formed brack- 
ets and skins for hot areas. Other aircraft applica- 
tions include galley equipment, chemical toilets and 
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floor supports under these areas. 

Reaction vessels and heat exchangers are 
a major application of Grade 2 titanium because of 
its resistance to attack by seawater, moist chlo- 
rine, moist metallic chlorides, chlorite and hypo- 
chlorite solutions, nitric and chromic acids, or- 
ganic acid, sulfides, and many industrial gaseous 
environments. Grade 2 titanium also has excellent 
resistance to deposit, impingement, and crevice 
attack even in highly polluted waters, and is there- 
fore used extensively in tubular and plate-type 
heat exchangers for condensers, evaporators, and 
other components of marine vessels, power sta- 
tions, oil refineries, offshore platforms, and water- 
purification plants. 

Electrochemical Processing Equipment. 
The insulating property of the anodic film on tita- 



nium makes it an ideal and cost-efficient material 
for anodizing jigs and plating baskets. Other ap- 
plications include high-efficiency heat-exchanger 
systems for electrolytes. A very thin coating of a 
precious metal such as platinum enables Grade 2 
titanium anode to operate at high current density 
in many electrolytes. Consequently, non-consum- 
able noble-metal coated Grade 2 titanium anodes 
are in demand for chlorine-production cells, elec- 
trodialysis plants, electroplating equipment, and 
cathodic protection of condensers, seagoing rigs, 
and jetties. 

Most electrodeposits do not adhere well to com- 
mercial purity Grade 2 titanium. This charac- 
teristic has led to the widespread use of Grade 2 ti- 
tanium for cathodes or starter-sheet blanks in 
many electrochemical metal-refining operations. 



Unalloyed titanium grade 2 and equivalents: Specifications and compositions 



Specification 



Designation 



Description 



c 


Fe 


H 


N 


O 


0.05 


0.3 


0.008 


0.02 


0.15-0.25 


0.1 


0.3 


0.015 


0.03 


0.25 



R50130 
R5O4O0 



TA-2 



UNS 
UNS 

China 
GB3620 

Europe 

AECMA prEN2518 _ TI-P02 

AECMAprEN2526 " fi-P02"~ 

AECMA prEN3378 Ti P02 

AECMA prEN3442 Ti-P02 

AECMA prEN345 1 H-P02 

AECMA prEN3452 Ti-P02 

AECMA prEN3460 H-P02 

AECMAprEN3498 Ti-P02 



0.1 max 0.3 max 0.015 max 0.05 max 0.2 max 0.15 max 



balTi 
balTi 



balTi 



ShSopBar 



ShStrp 
Wir 

ShStrp Ann HR 
FrgNHT 
Erg Ann 
Bar Ann 
ShStrp Ann CR 



0.08 



0.2 



0.01 



0.08 max 
0.08 max 
0.08 max 
0.08 max 
0.08 max 
0.08 max 
0.08 max 



0.25 max 0.0125 max 

0.25 max 0.0125 max 

0.25 max 0.0125 max 

0.25 max 0.0125 max 

0.25 max 0.0125 max 

0.25 max 0.0125 max 

0.25 max 0.0125 max 



0.06 



0.25 



0.05 max 
0.05 max 
0.05 max 
0.05 max 



0.25 max 
0.25 max 
0.25 max 
0.25 max 



0.05 max 0.25 max 
0.05 max 0.25 max 
0.05 max 0.25 max 



France 

AIR9182 
AIR 9182 

Germany 

DIN 17850 
DIN 17850 
DIN 17850 
DIN 17850 
DIN 17860 
DIN 17862 
DIN 17863 
DIN 17864 
WL 3.7024 
WL 3.7034 

Japan 

JISH4361 
JIS H4600 
JISH4600 
JISH4630 
JISH4630 
J1SH4631 
JIS H4650 
JISH4670 

Russia 

OST 1.90000-76 
OST 1.90060-72 

Spain 

UNE 38-711 
UNE 38-712 



T-35 
T-40 



Tin 

■nm 

WL 3.7035 

WL 3.7055 

3.7035 

3.7035 

3.7035 

3.7035 



Class 2 

TTH35DOass2 
"TP 35 H/C Class 2 
TR 35 H/C Class 2 
TTP35D/EClass2 
TTP 35 WAVD Class 2 
TTH 35 W/WD Class 2 
TB 35 C/H Class 2 
TW35 Class 2 



ShCR 


0.08 


0.12 


0.015 


0.05 




Sh 


0.08 


0.12 


0.015 


0.05 




Sh Sap Pit Rod Wir Fig Ann 


0.08 


0.25 


0.013 


0.06 


0.2 


Sh Strp Pit Rod Wir Frg Ann 


0.1 


0.3 


0.013 


0.06 


0.25 


Pit Sh Strp Rod Wir Frg Ann 


0.08 


0.25 


0.013 


0.06 


0.2 


Sh Pit Strp Rod Wir Frg Ann 


0.1 


0.3 


0.013 


0.06 


0.25 


ShStrp 


0.08 max 


0.25 max 


0.013 max 


0.06 max 


0.2 max 


Rod 


0.08 max 


0.25 max 


0.013 max 


0.06 max 


0.2 max 


Wir 


0.08 max 


.0.25 max 


0.013 max 


0.06 max 


0.2 max 




0.08 max 


0.25 max 


0.013 max 


0.06 max 


0.2 max 


Sh Wir Ann 


0.08 


0.2 


0.0125 


0.05 


0.2 


Sh Bar Frg Wir Ann 


0.08 


0.25 


0.0125 


0.06 


0.25 



SmlsTub 
ShHR CR 
StrpHRCR 
SmlsPip 
Weld Pip 
Weld Tub 
Bar Rod HW CD 
Wir 



VTl-O 
VT1L 



L-7001 
L-7002 



Mult Forms Ann 
Cast 



Sh Pit Strp Bar Wir Ext Ann 
_Sh Pit Strp Bar Wir Ext Ann 





0.25 


0.015 


0.05 


0.2 




0.25 


0.015 


0.05 


0.2 




0.25 


0.013 


0.05 


0.2 




0.25 


0.013 


0.05 


0.2 




0.25 


0.015 


0.05 


0.2 




0.25 


0.015 


0.05 


0.2 




0.25 


0.015 


0.05 


0.2 




0.25 


0.015 


0.05 


0.2 




0.25 


0.015 


0.05 


0.2 


0.07 


0.3 


0.01 


0.04 


0.2 


0.15 


0.3 


0.015 


0.05 


0.2 


0.08 


0.2 


0.0125 


0.05 


0.2 


0.08 


0.25 


0.0125 


0.05 


0.25 





0.6 


balTi 


0.1 max 


0.6 max 


balTi 


0.1 max 


0.6 max 


balTi 


0.1 max 


0.6 max 


balTi 


0.1 max 


0.6 max 


balTi 


0.1 max 


0.6 max 


balTi 


0.1 max 


0.6 max 


balU 


0.1 max 


0.6 max 


balTi 



0.04 
0.04 



0.6 
0.6 



0.1 
0.15 



Ti 99.69 min 
Ti 99.69 min 



balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 



balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 
balTi 



0.3 balTi 

0.3 W0.2;balTi 



balTi 
balTi 



(continued) 
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Unalloyed titanium grade 2 and equivalents: Specificati ns and compositions (continued) 



Specification 



Designation 



Description 



Fe 



H 



N 



Si 



OT 



Other 



UK 

BS2TA.2 
BS2TA3 
BS2TA.4 
BS 2TA.5 
DTD 5073 



2TA.3 
2TA.4 
2TA5 



Sh StrpHT 

BarHT 

FigHT 

FrgHT 

Tub 



0.2 
0.2 
0.2 
0.2 

0.01 max 0.2 max 



0.01 
0.01 
0.01 
0.01 
0.015 max 



Ti 99.78 min 
Ti 99.78 min 
Ti 99.79 min 
Ti 99.78 min 
balTi 



USA 



AMS4902E 




ShStrpPltAnn 


0.08 


0.3 


0.015 


0.05 


0.2 




0.3 


balTi 


AMS4941C 




Weld Tub Ann 


0.1 


0.2 


0.015 


0.05 


0.25 




0.15 


balTi 


ASM4942C 




Smls Tube Ann 


0.1 


0.3 


0.015 


0.03 


0.25 




0.3 


balTi 


ASMESB-265 


Ti Grade 2 


Sh Strp Pit Ann 


0.1 max 


0.3 max 


0.015 max 


0.03 max 


0.25 max 


0.1 max 


0.4 max 


balTi 


ASMESB-381 


F-2 


FrgAnn 


0.1 max 


0.3 max 


0.015 max 


0.03 max 


0.25 max 


0.1 max 


0.4 max 


balTi 


ASTM B 265 


TiGrade2 


ShStrpPltAnn 


0.1 


03 


0.015 


0.03 


0.25 




0.4 


balTi 


ASTMB 337 


Ti Grade 2 


Pip Ann 


0.1 


0.3 


0.015 


0.03 


0.25 




0.4 


balTi 


ASTM B 338 


Ti Grade 2 


Tube for heat exch/cond 
















balTi 


ASTMB 348 


Ti Grade 2 


Bar BU Ann 


0.1 


0.3 


0.0125-0.01 


0.03 


0.25 




0.4 


balTi 


ASTM B 367-87 


Ti Grade 2 


Cast 


0.1 max 


0.2 max 


0.015 max 


0.05 max 


0.4 max 


0.1 max 


0.4 max 


balTi 


ASTMB 381 


Ti Grade F-2 


FrgAnn 


0.1 


0.3 


0.015 


0.03 


0.25 






balTi 


ASTMF467-84 


TiGrade2 


Nut 


0.1 max 


0.3 max 


0.0125 max 


0.05 max 


0.25 max 






balTi 


ASTMF467M-84a 


Ti Grade 2 


Nut Met 


0.1 max 


0.3 max 


0.0125 max 


0.05 max 


0.25 max 






balTi 


ASTMF468-84 


TiGrade2 


BhScrStd 


0.1 max 


0.3 max 


0.0125 max 


0.05 max 


0.25 max 






balTi 


ASTMF468M-84b 


TiGrade2 


BltScrStdMet 


0.1 max 


0.3 max 


0.0125 max 


0.05 max 


0.25 max 






balTi 


ASTMF67 


Ti Grade 2 


Surg imp HWCW FrgAnn 


0.1 


0.3 


0.015-0.0125 


0.03 


0.25 






balTi 


AWSA5. 16-70 


ERTi-4 


Weld Fill Met 


0.05 


0.3 


0.008 


0.02 


0.15-0.25 






balTi 


MILT-81556A 


CodeCP-3 


Ext Bar Shp Ann 


0.08 


0.3 


0.015 


0.05 


0.2 




0.3 


balTi 


MIL T-8 1915 


Type I Comp A 


Air/chem/marine apps Cast 
Ann 


0.08 


0.2 


0.015 


0.05 


0.2 




0.6 


balTi 


MILT-9046J 


CodeCP-3 


ShStrpPltAnn 


0.08 


0.3 


0.015 


0.05 


0.2 




0.3 


balTi 



Unalloy d titanium grade 2 compositions: Producer specifications 



Specification 


Designation 


Description 


C 


Fe 


H 


N 


o 


Si 


OE 


OT Other 


France 






















Ugine 


UT35 


Sh Pit Bar FrgAnn 


0.08 




0.0125 


0.05 


0.2 






balTi 


Ugine 


UT40 


Sh Pit Bar FrgAnn 


0.08 


0.25 


0.0125 


0.06 


0.25 






balTi 


Germany 






















OttoFuchs 


T3 


Frg. 
















Ti99.5 


Thyssen 


Contimet 35 


Sh Strp Pit Bar Wir Pip Ann 


0.06 


0.2 


0.013 


0.05 


0.18 






balTi 


Thyssen 


Contimet35D 


Mult forms Ann 


0.06 


0.25 


0.013 


0.05 


0.25 






balTi 


Japan 






















Daido 


DT2 


Rod Bar Sh Strp Frg Ann 


0.1 


0.3 


0.0125 


0.03 


0.2 






balTi 


Kobe 


KS60 


Sh Strp Tub Pit Wir Bar Pi Ann 




0.3 


0.01 


0.03 


0.2 






balTi 


Kobe 


KS60LF 


Low Fe Ann 




0.05 


0.01 


0.03 


0.2 






balTi 


Nippon 


T1X 






0.5 




0.1 


0.2 






balTi 


Sumitomo 


ST-50 




















Sumitomo 


ST6 




















Toho 


TIB 




0.03 


0.1 


0.005 


0.015 


0.15 






Ti 99.7 min 


Toho 


TEBLF 


Low Fe 


0.02 


0.05 


0.005 


0.01 


0.15 






Ti 99.7 min 


Toho 


TIC 




0.03 


0.15 


0.005 


0.02 


0.25 






Ti 99.6 min 


Toho 


TICLF 


LowFe 


0.02 


0.05 


0.005 


0.01 


0.25 






Ti 99.6 min 


UK 






















Imp. Metal 


IMI125 


Mult forms 


0.1 


0.2 


0,013 


0.03 


0.2 






balTi 


Imp. Metal 


IMI130 


Sb Bar 


0.1 


0.2 


0.013 


0.03 


0.25 






balTi 


USA 






















Chase ExL 


CDXGR-2 




















OREMET 


Ti-2 




















RMI 


RMI 40 


Mult forms Ann 


0.08 


0.25 


0.015 


0.03 


0.2 






balTi 


Tel.Rodney 


A40 




















TIMET 


TTMETAL50A 


Ann 


0.08 max 


0.2 max 


0.0125 max 0.05 max 








balTi 



TMCA Ti2 
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Unalloyed Ti Grade 3, R50550 



Grade 3 titanium is a general-purpose grade of com- 
mercially pure titanium that has excellent corrosion 
resistance in highly oxidizing to mildly reducing en- 
vironments, including chlorides, and an excellent 
strength-to-weight ratio. Thus, like other titanium 



metals and alloys, Grade 3 bridges the design gap 
between aluminum and steel and provides many of 
the desirable properties of each. Grade 3 also has 
good impact toughness at low temperatures. 



ASTM Grade 3 titanium has lower iron limits 
than ASTM Grade 4 (0.3 wt% vs 0.5 wt% max) and 
the second highest oxygen contents (0.35 wt%) of 
the four ASTM grades for unalloyed titanium. 
Only Grade 4 has higher strength levels than 
Grade 3. 

Effect of Impurities. Excessive impurity lev- 
els may raise yield strength above maximum per- 



mitted values and decrease elongation or reduc- 
tion in area below minimum values. Higher iron 
and interstitial contents may affect corrosion re- 
sistance. 

Hydrogen content as low as 30 to 40 ppm can 
induce hydrogen embrittlement in commercially 
pure titanium (see the section "Hydrogen Dam- 
age* in this datasheet). 



Product Forms Like other unalloyed titanium grades, Grade 3 perature but warm forming reduces springback 

and Condition is available in all wrought product forms and can and power requirements. 

be satisfactorily welded, machined, and cast. Most Titanium Grade 3 typically has an annealed al- 

forming operations can be carried out at room tern- pha structure for wrought, cast, and P/M forms. 



Applications Grade 3 is used for nonstructural aircraft parts 

and for all types of applications requiring corro- 
sion resistance. Typical uses for CP titanium in- 
clude chemical and marine applications, airframe 



skin and nonstructural components, heat ex- 
changers, cryogenic vessels, components for 
chemical processing and desalination equipment, 
condenser tubing, and pickling baskets. 



Unalloyed titanium grade 3 and equivalents: Specifications and compositions 



Specification Designation Description C Fe H N O Si OE OT Other 

UNS R5Q550 0.1 0.3 0.015 0.05 0.35 0.4 balTi 



France 

AIR 9182 



T-50 



ShAnn 



0.08 



0.25 



0.015 



0.07 



0.04 



Ti 99.54 min 



Germany 

DIN 17850 
DIN 17850 
DIN 17860 
DIN 17862 
DIN 17863 
DIN 17864 



TilV 

WL 3.7065 

3.7055 

3.7055 

3.7055 

3.7055 



Sh Strp Pit Rod Wir Frg Ann 

Pll Sh Strp Rod Wir Frg Ann 

ShStrp 

Rod 

Wir 



0.1 
0.1 



0.35 
0.35 

0.1 max 0.3 max 
0.1 max 0.3 max 
0.1 max 0,3 max 
0.1 max 0.3 max 



0.013 
0.013 
0.013 max 
0.013 max 
0.013 max 
0.013 max 



0.07 0.3 

0.07 0.3 

0.06 max 0.25 max 

0.06 max 0.25 max 

0.06 max 0.25 max 

0.06 max 0.25 max 



balTi 
balTi 
balTi 
balTi 
balU 
balTi 



Japan 



JIS 


Class 3 




0.3 


0.015 


0.07 


0.3 


balTi 


JISH4600 


TP49H/CQass3 


ShHRCR 


0.3 


0.013 


0.07 


0.3 


balTi 


JISH4600 


TR49H/COass3 


StrpHRCR 


0.3 


0.013 


0.07 


0.3 


balTi 


JISH4630 


TIP 49 D/E Class 3 


Smls Pip Hot Ext CD 


0.3 


0.015 


0.07 


0.3 


balTi 


J1SH4630 


TTP49W/WDCIass3 


Weld Pip 


0.3 


0.015 


0.07 


0.3 


balTi 


JISH4631 


TTH49DClas$3 


Smls Tub CD 


0.3 


0.015 


0.07 


0.3 


balTi 


JISH4631 


TTH49 WAVD Class 3 


Weld Tub 


0.3 


0.015 


0.07 


0.3 


balTi 


J1SH4650 


TB 49 C/H Class 3 


BarHWCD 


0.3 


0.015 


0.07 


0.3 


balTi 


J1SH4670 


TW49 Class 3 


Wir 


0.3 


0.015 


0.07 


0.3 


balTi 



UK 

BS2TA.6 
BS2TA.7 
BS2TA.8 
BS2TA.9 
DTD 5023 
DTD 5273 
DTD 5283 



ShStrpHT 
Bar HT 
Frg 

Frg iri- 
Sh Strp 
Bar 



02 

0.2 

0.2 

0.2 
0.2 max 
0.2 max 
0.2 max 



0.01 

0.01 

0.01 

0.015 
0.0125 max 
0.0125 max 
0.0125 max 



Ti 99.78 min 
Ti 99.78 min 
Ti 99.79 min 
Ti 99.78 min 
balTi 
balTi 
balTi 
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Unalloyed titanium grade 3 and equivalents: Specificati ns and compositions (continued) 



Specification Designation 



Description 



Fe 



N 



Si 



Cm) 



OT Other 



USA 

AMS4900J 
AMS4951E 



ASMESB-265 
7SMESB-381 
ASm B 265 
ASTM B 337 
AS™ B 338 
ASTM B 348 
ASTM B 381 
„ASTMB 362-87 
ASTM F 67 
MILT-81556A 
MILT-90467 



Grade 3 



F-3 

Grade 3 
Grade 3 
Grade 3 
Grade 3 
Grade F-3 
.C-3_ 



Grade 3 

CodeCP-2 

CodeCP-2 



ShStrpPltAnn 
WeldWir 



ShStrpPltAnn 



Frg An 
ShStrpPltAnn 
Weld Smls Pip Ann 
Smls Weld Tub Ann 
BarBilAnn 
Frg Ann 
„Cfcst 



Surg Imp 

Ext Bar Shp Ann 

ShStrpPltAnn 



0.08 
0.08 max 



0.3 
0.2 max 



0.015 
0,005 max 



0.05 
0.05 ma: 



0.1 max 0.3 max 



0.3 
0.1 8 max 



0.1 max 

0.1 

0.1 

0.1 

0.1 

0.1 
0.1 max 



0.3 max 

0.3 

0.3 

0.3 

0.3 

0.3 
0.25 max 



0.015 max 0.05 max 0.35 max 



0.1 

0.08 

0.08 



0.015 max 
0.015 
0.015 
0.015 
0.0125 
0.015 

0.015 max 



0.05 max 0.35 max 



0.3 
0.3 
0.3 



0.015-0.0125 
0.015 
0.015 



0.05 
0.05 
0.05 
0.05 
0.05 
0.05 max 



0.35 
0.35 
0.35 
0.35 
0.35 
0.4 max 



0.05 
0.05 
0.05 



0.35 

0.3 

0.3 



0.3 balTi 
0.1 max 0.6 max balTi 
0.1 max 0.4 max balTi 



0.1 max 



0.1 max 



0.4 max balTi 
0.4 balTi 



0.4 
0.4 
0.4 
0.4 



balTi 
balTi 
balTi 
balTi 



0.4 max balTi 



balTi 
0.3 balTi 
0.3 balTi 



Unalloyed titanium grade 3 compositions: Producer specifications 



Specification 


Designation 


Description 


C 


Fe 


H 


N 


O 


Si 


OE 


OT Other 


France 






















Ugine 


UT50 


Sh Bar Frg Ann 


0.08 


0.25 


0.0125 


0.07 


0.35 






balTi 


Germany 






















Thyssen 
Titan 


Contiinet55 
RT20 


Mult Forms Ann 


0.06 
0.1 


0.3 
0.35 


0.013 
0.013 


0.05 
0.07 


0.35 
03 






balTi 
balTi 


Japan 






















Daido 

Kobe 

Kobe 

Sumitomo 

Toho 


DT3 

KS70 

KS7QLF 

ST-70 

TTD 


Mult Forms Ann 
Ann 

Low Fe Mult Forms Ann 


0.1 
0.05 


0.3 
0.3 
0.05 

0.2 


0.0125 

0.01 

0.01 

0.01 


0.05 
0.05 
0.05 

0.04 


0.35 

03 

03 

03 






balTi 
balTi 
balTi 

Ti99.4min 


UK 






















Imp. Metal 


IMI130 




















USA 






















Chase Ext. 
OREMET 
RMI 

TeLRodney 

TIMET 

TMCA 


CDXGR-32 
Ti-3 
RMI 55 
A55 

TIMETAL65A 
Ti3 


Mult Forms Ann 
Ann 


0.08 
0.1 max 


0.25 
0.2 max 


0.015 
0.015 max 


0.05 
0.05 max 


0.3 
0.35 max 






balTi 
balTi 



Unalloyed Ti Grade 4, R50700 



Grade 4 has the highest strength of the four ASTM 
unalloyed titanium grades in addition to good duc- 
tility and moderate formability. The benefits of 
strength and lightness of Grade 4 are retained at 
moderate temperatures. Its strength-to-weight ra- 
tio is higher than that of AISI type 301 stainless 



steel at temperatures up to 315 °C (600 °F). Grade 4 
also has outstanding resistance to corrosion fatigue 
in salt water. The stress required to cause failure in 
several million cycles is 50% higher for this material 
than for K-Monel or AISI type 431 stainless steel. 



Chemistry 



Product Forms 
and Condition 



ASTM Grade 4 has the highest oxygen (0.40 wt%) 
and iron (0.50 wt%) content of the four unalloyed tita- 
nium ASTM grades. The higher content of iron and in- 
terstitials may reduce corrosion resistance. 



Commercially pure Grade 4 is available in all 
wrought product forms and can be satisfactorily 



Hydrogen content as low as 30 to .40 ppm can 
induce hydrogen embrittlement in commercially 
pure titanium (see the section "Hydrogen Dam- 
age" in this datasheet). 



machined, cast, welded, and cold worked. Most 
forming operations are performed at room tern- 
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Jn^L*^t5Xtt, & K 300 — BOO'C-CSO^J^ii 

{id n= £i T a x a • ft: ic 600- 800*0 T#fe»5T a xa 
#a 

3 . ft HU CD It «fl & ft % 
* IS HO tt . ^S'J y^ff«ttKJ:»JjStttf Aff 

t ft # # # ft <n /j» s ^ * v 4g to M ifi # is k m T 
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U ft & it £ l± fE 5$ X til ( & T L # ft v> } ) 
i: • ZE i£ H ft K *f U iff ft a # l^d ( VX T T yj A v> 

Ctt*<Bttttn 

w^*><osaisii, aw. #.iujj£&-ft*ii-ft 

ifri J*i & # ft ft 7* T . J0*l«ft%2£(KK*£Cft 
ntf h n It 0 . 2 % if 7j ) (7) L ^ ft M Qy U± & /J\ 2 
<. T^iftiWO'yTttat^i:^ = 
OVT/OyU±ft].3fBlff ft & . (€ ^ T C t\ 53 ffi 

u. BR** y ft ^coftR^iaT.B^co^«^ A. iSt*ft 
3r is 4* . *^v>ityu^#jn>iircojR(tai:^<s, 

oxfEgifi. (2)t*£ET/EKI?£, ft # * $ *v r 
^ * tfi . ( 1 ) CO # ifi l± X h U y y 7 IE J* £ 0 8 ft 

fc££fc*fiK«kr>T*tf>R&:Sftft&:}. 

*l 03 »S60- 194 052H^ l± . O * # Jl J* 0 . 26« t % & 
Jt(Fa^#fitf0.20vt*)Z>* * >j»i*tfi ft. ~# 
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ti Ot (T> / <r. U) == l.07~ 1.15 fc ft 4 © fl> 
* 0 • *S tt tt HH± «3filff-tt8ltfe2S2-C. 5* SH 

« c tt a b r a *» & it * £ T? » u . «a j& in t. 

li * 1*1 S ft « "C i& £ . X * ClC0^'i£*Cii Fet 

^ -tt o te m -d x\± a* * # a s *v r ft ^ . 

C j(S iPJ ^ « U J: -5 t -T S P!J JW ,6 3 
*!f8iOTiiJiS2a)ia63(£i&«)llji»k:«*T. + » ft 

« - ^ * vi±- ^ fii iE IS ic J: r A^rfflCooonw 



* > K jft35~40' # < . V* Split- T D 

^ ? -((0001)±35~45' TD)fti*-f. a - 

* ^O^^rttli^ OSplit-T Df ^^^Y -tc 

/h* <taictt. cco^fi^ttftttttiitr. [o 

001] W ft* ttc ft! tti Ift ;// til fc^*7ft . V* **> fcBasal- 

^y^*Y-;*jffc&#fti«;*Stt*rfctf&sS-c 
*4. — IftWK O ft iff* 5 -fr £ t Oasal-f ^ X * 

*tt*u^;£ttt±3§£*. oft««^a 

t Split- T Df fXf + -fiJ^*^aLH^tt# 

3 



angfcftaMflrt<»a.|bfrL. * » qi » g i* o 



F_a * * ajj tt Ti-Cu 3fi_5_0_<t ^ ft ft » Iffl ^» » Iff tft 

itu^-si:. 5i«tv^rft^niffi^-cj«a«^ft 



•T ft i> *» z 0 » ^ BE 5« 



ttlft»«««)«ttt- Basal^<ifta^^«|^ ft 



3?-cz*ve>tfMfc-£#jft afiiv h y y ?XHUC«*H 
iTpft3K«irafe^fct*awft»#Yfc«3ii:B»j»w 

/Klft^A^pJ^-C^actft^n^UT. *«0^ft 
ftt-tcKJofe. fl£-»T**fl«<0«fiRtt(l)^^» 
5tfit, (2)Pe, Cu, Sl^O^fl^&jt:*. (3) 

mi * ft ^ i± 
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^■ra^fiijiEiiti/fe^^vtfift, ^ j« tc « b$ no n- 
injtt l . at zoo ~ soot: -c30#jeiJt 

mi/EJS-r sis. & k6oo~8oot; r^s^-r 4 IS 

^- -e ft y • * 

(2) O^0.lSfi% , Fe : 0.1-0. 5mtt % ft-S- 
^fb. $ e i: B t V, La. Ce(OlM*fc(±2ajL^ 
±ft^StT0.05-0.3^a%^^T^^fWffifilU 
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~600r-C30*>a_kCO H$ 5«r 33B ^" *XS* o iTlc 
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(4) OSO.ljfiM*. Cu*;«fct/*fcH:Sift^3f- 
TO. 1-0.831 It % ft U $ 6 ic B , Y, La, 
Ceaitt£fcli2tt&±ft^If-C0.05~0.3fijt* 

^ # -r 6 & iuf ir. si u * ^ > m £ • fij se o) tc S2 
ttbfcn>J6n*i*»xa. ■* s* » a x a . # na be & 
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0.01«t96JBl-F(O^ia*j>*I3(|ffltfi^^ V *g T ft * 
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* » hh # & »* a - * va — :frfiifiEjsic*?tta 

& C J; o TSf M tC U (1) a * V*$*f COSpl 

it-TDf t-JiJl» ^tv< *J & Jf£ £: 3R ft 

0> HL & ft . t < iz # M £ B co # ^ # * & vifc *t> 

tc^fc^^n^dt. (2) t^y^sc^i;^, 

T&'JgtfttSft&ttg'lCtt. JfflfflttBasal?- 0 X 
f t-A'li^^fiJlSniCt. (3) tt^TSiE.fcjfe 

TftackiWtlH/fc. 3! K * » W * & 1* « A IB 
;^&(tt;ttfO)fc^C0&t£ft3£U<&T£it:*;rc 
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? >t^r7C^^&-C 0-#*?§*(/J-eutectoid) 



t u rjen & n a_p< t c u , s i ft a ffl co h % p& & 

&0)hkffitinl,{&2>\*l*B t Y , La, C a £T ft 



l r^a^in u)ar^ fr&*ta tat t . 
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Tffifc£4i<D££T^US:Jy;SU, jX 4b 98 £ A« 19 W 
5 IX 5 d t . ^rCOlSiftSpiit-T D-r 5^ -(0 
58 i£ »i 34» * »J • WWW tC Basal f" ^ X-^y -^tt 

— jtttC ^ -eutectoidffi! CO ^ t£ (± . a-TIf^ 

^ ia m iifl ^ ± ^ An r s t a # gji 0 fu & v> l i± ft 

W *. tfTi-Fe^ CO . * O) 0-#frf aSilt±CO60 

OrtCfcMt^ offlCO FeCOBIiaPlt tt|^0.06wt % * 

^ h 5 a ^toSi(750-C X IftmiSL) & t7 "5 , Fe 
& #1 ft 1®m a ffllAa©^g5lCI±Ti-Fe 

•c tt ± sb co o *g » at i± ^ g fit/ a $fl utft^^v^. 

Xti Sli ft faffi IZ Hftlt Z. <D a t&&m (tSplit- T D 



ts«t, *%^coaw±5etc^^^-c*5. 

^- 'iH co *$ Sff * co «8 US (l) X (2) t tt « & 

a^^lcSB$fIUlin?tt^,lElL^ L , 200-500-CT 
«»»J«ftJWrcfcJCj:U. ^fU!fl£4lnHcMa^ffi 
ft P-*ti^J!ai;j:oT7>^A^ffiftt6i:^U: 

$ it 5 . 

M<^nB£EjeE^co^&^^*«Wi^*ii. 

tt«aa»ow^»55rtt (TyT/ ovl#i .isj^t t 

Jb CO «t>0.1vt % J^>* tC^IPfiT 6 . 0.1vt%£lT 
■C(*«Ht«)*<bftlHf±"C* 5 7i»3(* L < l±0.08«t 

Lv^O-g-^fit(±0.03wt%'-0.08«t%r&<&, 
*if8*W«(l)&tf(Z)-C FeCO^^itl±0.l-0.5«t 

« -e ft a • o.i»t * sfe'tt t? it ft* it /h s < o.5vt% 
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U ^' * . £ttfc*^l±*ftaTCO#ipafc&&#CO 
Hl^ttM««Stti5i:. affl7;*7-lflttco*gi» 

200 r * 39 CO V <£t fit F e CO ft ftfe # * + # T Ti-Fe 
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fcoTSHitfttTT* COT 32 * U < ft v> . 

* 800 -c jgi J; -c it & K » # A # it # iff * b * a 

Mtt fil ft * CO M j& £ 650-7001C CO «S PI SJ * U 
Jbttifi U MM I*. Ti-Fe& i: HQ (ft 0 -eutect 



fb^^&^fai-Ti^^^Ca -dispersive) T? fe4T 
i-Cu^ ( Ti-Si^. Ti-Cu-Si^ V> X t; Aft A T 

Ti-Cu^ i± P - « Wa« *^W790X;-C Ti-Fe Jfi J: UlSl 
200TCi&<, C 0«4ff SiK CO a *U*CO C u CO « ^ H 

iffl t J: o r « tti * ti, cu w ai 1* a« « ffl «t ic & t 

Ti-SiM It 0 -jttf 81£ -t C0»^CO a 

tiJtfiCOSiCO&*!&imftl4 0.65wt%-C. B#«fj 
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Jft ft (A ^ tt W t LTtt, 



0. 1 ^0.8wt 96 A< JSI < . Q.lwt%5kBaC0<ft^liTi,Cu 
Cn^0.6wt% fejtt*.SfcA;frttfflW&Jft)y»ft& 



%-0.8wt% ^aUEftftSl^»8KB'C& i . fifc'UTi- 
Cu^S.t/Ti-Cu-Si^CO«J^COB$^(i300 — 600-CT? 
30^tlQ JBt±«^r-r 4 . C ft l±30QTC + # 

ftfi0^m^/>M^^ft-r, 600iC«:±*^-5a^ 

i*aii*tt<ffa5fc«cn>rwuittA^tt^:<b"r4fc*!)A 
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|KttTi-Cu*©»-&li4001Cifi«, Ti- Si^COaj^ 

lissom: acfu r . Ti-cu-si ^ co i± ± i ^ ^ 
7c3»«>iajEB*«!rffllKC'&*>-ti:5©^A^. i^Ti-c 

u9^. Ti-Si3fi. Ti-Cu-Si^0^^^jt. flHttW 
^feffCOflj* ^?-firt] l*Ti-Fe3fi £ m U -C i . XTi-Ke 
9ft - % Ti-Cu r Ti-Si f Ti-Cu-Si^ CO ^ 4» K B , 
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1. Title of the Invention 

Method for Manufacturing Titanium Sheet with Small Anisotropy 
And Good Ductility 

2. (4) A method for manufacturing titanium sheet with small anisotropy and 
good ductility comprising the steps of heating hot-rolled titanium sheet 
containing not more than 0.1 weight percent oxygen, 0.1 to 0.8 weight 
percent, in total, of copper and/or silicon, and 0.05 to 0.3 weight percent, in 
total, of one or more of boron, yttrium, lanthanum, and cerium to the beta 
zone for a short time with subsequent water cooling, applying aging 
processing at 300 to 600 °C for 30 minutes or longer, applying cold rolling 
with a reduction rate of 30 percent or more, and applying annealing at 600 to 
800 °C. 

3. However, the inventors found that formation of twin crystals can be 
curbed even in low oxygen materials containing not more than 0.1 percent 
oxygen by causing fine and dispersed precipitation of Ti-Fe, Ti-Cu or other 
compounds in crystal grains before cold rolling by adding iron, copper, or 
silicon and applying subsequent rolling. 

4. The inventors found that addition of iron, copper or silicon that are known 
to form binary alloys of beta-eutectoid type with titanium in an amount near 
the solubility limit of the alpha phase (or along with a trace addition of boron, 
yttrium, lanthanum, or cerium), with appropriate heat treatment, produces 



1 



dispersed precipitation (of alpha-dispersive type in terms of phase diagram) 
of fine TiFe, Ti2Cu, Ti2Si2, etc. before cold rolling. 

5. When copper alone is added, the preferable quantity of addition is 0.1 to 
0.8 weight percent. Copper addition under 0.1 weight percent does not 
produce precipitation of Ti2Cu and, therefore, has no effect to curb formation 
of anisotropy. Copper addition over 0.8 weight percent is undesirable as it 
impairs the anisotropy inhibiting effect while causing unnecessary strength 
increase and ductility deterioration. 
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S62-192550 

1. Title of the Invention 

High-strength Titanium Alloy with Excellent Cold Workability 

2. (e) Tin, iron, copper, chromium, nickel and molybdenum (hereinafter 
referred to as the strengthening elements) 

As these elements have an effect to enhance the strength and 
post-cold-working hardness by forming a solid solution in the base material, 
they are added as required when such enhancement is needed. Said desired 
effect is unobtainable when their content is under 0.1 percent, whereas cold 
workability drops so low when their content is over 0.5 percent that cold 
working with a reduction ratio of 70 percent or more becomes impossible. 
Therefore, their content is limited between 0.1 and 0.5 percent. 
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S62-191551 

1. Title of the Invention 

High-strength Titanium Alloy with Excellent Cold Workability 

2. (f) Tin, iron, copper and chromium 

As these elements have an effect to enhance the strength and 
postxold-working hardness by forming a solid solution in the base material, 
they are added as required when such enhancement is needed. Said desired 
effect is unobtainable when their content is under 0.1 percent, whereas cold 
workability drops so low when their content is over 0.5 percent that cold 
working with a reduction ratio of 70 percent or more becomes impossible. 
Therefore, their content is limited between 0.1 and 0.5 percent. Hereinafter 
referred to as the strengthening elements) 
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